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ABSTRACT
In this article, we review the current uses and future directions of robotic surgery in the field of female 
pelvic medicine and reconstructive surgery. Pelvic surgery is ideal for the use of surgical robots, which 
provide improved visualization and ease of suturing deep within the pelvis. Robots have been success-
fully used for the treatment of pelvic organ prolapse, in procedures such as sacrocolpopexy, sacrohys-
teropexy, and uterosacral ligament plication. Surgeons have used the robotic successfully to treat vari-
ous etiologies of female pelvic pain including fibroids, endometriosis, and nerve entrapment. Robotic 
repair of iatrogenic injury has been described with excellent outcomes and avoidance of conversion to 
open surgery in the event of an injury caused using the robotic platform. While more data is needed 
on this topic, there has been increasing interest in using the robot for urologic reconstruction including 
repair of vesico-vaginal fistula, cystectomy, augmentation cystoplasty, and continent and non-continent 
diversions. Recently the use of the robot has been described in the treatment of stress urinary incon-
tinence in females, with robotic placement of an artificial urinary sphincter. While robotic surgery is 
associated with increased cost, the outcomes of robotic surgery in female urology are promising. More 
studies that properly evaluate the benefits of robotic surgery as compared to open and laparoscopic 
approaches are needed. 

Keywords: Artificial urinary sphincter; neurogenic bladder; pelvic organ prolapse; robotic surgery; 
sacrocolpopexy; stress; urinary incontinence; vesico-vaginal fistula.

Introduction

Minimally invasive surgery began with the 
first reported laparoscopic cholecystectomy in 
1984 and since that time, its use has revolu-
tionized surgery.[1] The advantages of minimal-
ly invasive surgery include smaller incisions, 
better cosmesis, decreased postoperative pain, 
fewer infections, shorter hospital stays, and 
faster convalescence.[2,3] Standard laparoscopy 
does have its limitations. These include a loss 
of tactile feedback, a decline in the natural 
hand-eye coordination, reduction in dexter-
ity (i.e., non-wristed instruments), and loss of 
three-dimensional visualization. Additionally, 
when using laparoscopic instruments, surgeons 
may notice restricted degrees of motion and a 
magnification of physiologic tremors that are 
readily transmitted through the length of rigid 
instruments.[4] 

Surgical robots were first used to improve the 
precision of neurosurgical biopsies in 1985.
[5] Currently, the only robotic surgical system 
in widespread use is the Da-Vinci Robotic 
System (Intuitive Surgical, Sunnyvale, CA, 
USA). While not currently available in 
the USA, the Telelap ALF-X is an alterna-
tive robotic system that is supported by the 
European Commission and has indications in 
general surgery, gynecology, urology, and tho-
racic surgery. The relevant patent for the first 
generation of the Da-Vinci robot will expire 
later this year and it is expected that several 
other console-based robots for laparoscopic 
multi- and single-port surgery will become 
available in the market in the next five years, 
including the Medtronic robot, the Avatera 
robot, the REVO-I, the Medicaroid, and the 
Avicenna Roboflex, which has been developed 
for robotic flexible ureteroscopy.[6] 

https://orcid.org/0000-0003-0719-9465
https://orcid.org/0000-0001-8157-2825
https://orcid.org/0000-0003-1699-3871


Since its inception, technological advances in robotic surgery 
have allowed for visualization in three dimensions, increased 
dexterity, instruments with seven degrees of freedom similar to 
the intrinsic motion of the human wrist, elimination of physi-
ologic tremors, ergonomic positioning, and a dual-console that 
allows for collaborative surgical opportunities and safe teaching 
modalities for the next generation of surgeons.[4,7] 

Urologists worldwide have been quick to become facile with 
the surgical robot as the radical prostatectomy was targeted as 
an index case for robotic surgery due to improved visualization 
and ease of suturing deep within the pelvis.[7] In the last few 
decades, both urologists and gynecologists have extrapolated 
their robotic pelvic surgery success with radical prostatectomy, 
and have increasingly utilized the robot for reconstructive pur-
poses. In this article, we will review the current uses and future 
directions of robotic surgery in female pelvic medicine and 
reconstructive surgery. 

Pelvic organ prolapse

Sacrocolpopexy (SC) is considered by many to be the most 
definitive repair for vaginal vault prolapse with anatomic 
success rates of 78% to 100%.[8] Unlike uterosacral ligament 
suspension or sacrospinous ligament fixation, SC allows for 
the use of permanent materials instead of relying on native tis-
sue, which may be more attenuated in patients with prolapse. 
Additionally, SC permits the placement of multiple sutures 
along the anterior and posterior vaginal walls, which allows for 
distribution of tension over a wide area. It has also been shown 
to yield a vaginal axis that is closer to normal when compared 
to vaginal sacrospinous ligament fixation.[9,10] 

Minimally invasive laparoscopic SC was first introduced in 
1994.[11] The robotic SC was introduced in 2006,[12] leading 
to a massive increase in popularity of the minimally invasive 
approach from a mere 7.1% of SC in 2006[13] to 82% in 2016.
[14] A recent review of all SCs performed in the United States 
between 2010 and 2016 found the minimally invasive approach 
to be associated with reduced rates of 30-day complications 
(2%  vs 2.7%, p≤0.0001), blood transfusion (OR: 0.33, 95% 
CI: 0.15, 0.74, p=0.007), prolonged hospitalization (OR: 0.16, 
95% CI: 0.12, 0.23, p <0.001), and hospital readmission (HR: 
0.62, 95% CI: 0.41, 0.96, p=0.03) when compared to the open 
abdominal approach.[14]

The robot allows pelvic surgeons to overcome some technical 
difficulties and the steep learning curve surrounding suturing 
laparoscopically. The SC is an ideal procedure for a robotic 
approach because of the suturing and knot tying that is needed 
and the need for delicate dissection on the sacrum. A recent 
meta-analysis[15] reviewed 27 studies published between 2006 

and 2013 with regard to robotic-assisted SC, and found that 
objective and subjective cure rates ranged from 84% to 100% 
and 92% to 95%, respectively. Many studies included in this 
analysis had only a short-term follow-up, but a sub-analysis of 
studies with at least medium or long-term follow-up had simi-
larly high success rates. When considering the patients in this 
meta-analysis who underwent robotic SC that had >24 months 
of follow-up, they identified only 2 recurrences (0.8%) of apical 
prolapse out of a total of 246 patients. 

Surgical outcomes with the robotic platform have improved 
with increased experience and have an estimated learning curve 
of 10-20 procedures, which is significantly steeper than the 
learning curve reported with laparoscopic SC, where the learn-
ing curve has been reported to be as high as 60 cases.[16,17] Both 
laparoscopic and robotic SC have been found to be less costly 
than open SC; among minimally invasive approaches laparo-
scopic SC had been found to be less costly than robotic SC with 
a mean difference in cost of $1,936 (95% CI, $417-3,454).[18] 

Uterine preservation

For women with pelvic organ prolapse who desire surgical 
repair with uterine preservation, there are various surgical 
options for which the robotic platform may be beneficial. 
Uterine preservation may be a good option for patients who 
desire future fertility or are opposed to hysterectomy for vari-
ous reasons, such as personal beliefs about the importance of 
the uterus. However, there is a lack of long-term data on these 
approaches, which means that there is a lack of information on 
long-term durability or consequences of subsequent pregnancies 
or development of gynecologic pathology. 

Robotic-assisted sacrohysteropexy with mesh has been shown 
to be safe and feasible.[19] A recent study reported long-term fol-
low-up after robotic sacrohysteropexy and found that among 37 
women who were followed-up for 5 years, 81% had no recur-
rence of uterine prolapse, 8.1% had recurrent stage 1 prolapse 
and 10.8% had recurrent stage 2 prolapse, which is similar to 
reported success from laparoscopic and abdominal approaches.
[20] For women desiring uterine preservation and avoidance of 
mesh, laparoscopic uterosacral ligament plication has been 
shown to be safe, with an objective cure rate of 80% with a short 
follow-up of 21 months.[21] 

While there is a paucity of data on minimally invasive 
approaches to prolapse repair with uterine preservation, it is 
reasonable to assume that the benefits of the robotic approach to 
SC likely translate to the sacrohysteropexy and uterosacral liga-
ment plication, and may be even more pronounced as suturing 
and manipulation of the uterus may be easier with the use of the 
fourth arm of the robot.
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Pelvic pain

There are several etiologies of female pelvic pain that are 
amenable to surgical management, including fibroids, endo-
metriosis, and nerve entrapment. The improved visualization, 
three-dimensional vision, and smooth and precise movements 
afforded by the robot deep within the pelvis make use applicable 
to many of these conditions. 

Similar to the adoption of robotic skills by urologists world-
wide, many gynecologic pelvic surgeons have also become 
fascicle with the robot and have adopted its use for the treatment 
of disorders that cause pelvic pain, such as fibroids and endome-
triosis. A committee opinion from the Society of Gynecologic 
Surgeons and the American College of Obstetricians and 
Gynecologists from 2015[22] recently summarized evidence for 
the use of the robot in both of these diseases. This report found 
that while laparoscopic techniques for myomectomy have been 
shown to decrease postoperative morbidity and allow for a fast-
er recovery, most myomectomies in 2015 were performed via 
laparotomy. The committee did acknowledge that the robotic 
system may help overcome limitations such as unfavorable 
myoma location or patient obesity but they also found observa-
tional studies suggesting longer operating times and higher cost 
for the robotic approach. Overall, the committee found the lit-
erature at that time to be insufficient and thought that there was 
a need for comparative effectiveness studies for robotic-assisted 
myomectomy. A more recent meta-analysis of robotic-assisted 
vs. laparoscopic and abdominal myomectomies published in 
2018 included 2,852 patients and found that robotic-assisted 
myomectomy is associated with significantly fewer complica-
tions and lower estimated blood loss than laparoscopic and 
abdominal approaches.[23] 

Conventional laparoscopy has been used for decades in the 
treatment of endometriosis, a disorder caused by the presence 
of endometrial glands and stroma outside the uterine cavity, 
which can lead to chronic pain. A recent retrospective review 
comparing robotic and conventional laparoscopic surgery for 
Stage III or IV endometriosis by a single surgeon found that the 
perioperative outcomes for the robotic approach were compa-
rable to conventional laparoscopy, but were also associated with 
increased operating time. However, this group did not account 
for case complexity while accounting for surgical time. Another 
retrospective review found that while the operating time for the 
robotic approach was significantly higher, these patients were 
more complex and that on multivariate analysis, the operating 
time was increased by 16.2% when the operation was performed 
using laparoscopy instead of the robotic approach. This group 
also found that the operating time was an independent and sig-
nificant factor for postoperative complications and hospital stay, 
suggesting a potential improvement in outcomes with the use of 

the robot due to decreased surgical time.[24] The da-Vinci robot 
also allows for “Fire Fly” mode, an integrated fluorescence 
imaging capability [used in conjunction with indocyanine green 
(ICG)], which uses near-infrared technology and provides real-
time, image-guided identification of key anatomical landmarks, 
bilateral ureters, and endometriotic lesions and may aid in the 
surgical treatment of this disease.[25] 

Pudendal nerve entrapment syndrome is a cause of pelvic pain 
characterized by unilateral or bilateral neuropathic pain along 
the distribution of the pudendal nerve, which is caused by 
compression of the nerve at different levels along its course.
[26] It has been shown that decompression of the pudendal nerve 
is an effective and safe treatment, which can be done through 
a transgluteal, trasnperineal, or laparoscopic transperitoneal 
approach. The laparoscopic approach allows for better explora-
tion of the sacral roots of the pudendal nerve and concomitant 
evaluation for other causes of pelvic pain. The first report of a 
robotic pudendal nerve decompression was in 2015.[27] These 
authors found that the robotic advantages of dexterity and mag-
nification over the pure laparoscopic technique were extremely 
useful in such types of difficult and precise surgery deep within 
the pelvis. 

For patients with midline pelvic pain unresponsive to medical 
management, presacral neurectomy has been shown to be suc-
cessful.[28] This involves excision of a segment of the superior 
hypogastric plexus over the sacral promontory, which interrupts 
the pain impulses from the cervix, uterus, and proximal por-
tions of the fallopian tubes. In order to minimize intra-operative 
complications and maximize long-term results, clear identifica-
tion and gentle dissection of the superior hypogastric plexus 
is required.[29] With the advancement of minimally invasive 
techniques, there has been a renewed interest in pelvic denerva-
tion procedures for chronic pelvic pain, especially as minimally 
invasive techniques can be performed with a lower rate of post-
operative morbidity as compared to laparotomy.[30] The robotic 
approach has been shown to be safe and effective,[30] and the 
improved visualization, three-dimensional vision, and smooth 
and precise movements afforded by the robot make this pro-
cedure more accessible to surgeons who are comfortable with 
robotic surgery. 

Iatrogenic injury 

Injury to the urinary tract is a known complication of gyne-
cologic surgery. With an increasing number of gynecologic 
surgeons performing robotic surgery, it may be advantageous 
for the urologist to have experience repairing these injuries 
robotically, when they are identified intra-operatively, to avoid 
the need for conversion to open surgery or the waste of time 
that occurs during docking and undocking of the robot to con-
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vert to conventional laparoscopy. A recent retrospective review 
found that the rates of overall urologic injury during robotic 
hysterectomy are similar to those reported for laparoscopic 
hysterectomy, with an overall rate of 0.92% for the robotic 
hysterectomy as compared to 0.90% for the laparoscopic hyster-
ectomy, 0.33% for the vaginal hysterectomy, and 0.96% for the 
open hysterectomy.[31] A recent review of the American College 
of Surgeons-National Surgical Quality Improvement Program 
database particularly assessed the rate of ureteral injury between 
2005 and 2013, and found 302 iatrogenic ureteral injuries from 
95,538 hysterectomies with rates of 0.18%, 0.48%, and 0.04% 
from abdominal, minimally invasive, and vaginal hysterectomy, 
respectively.[32] 

If an injury occurs and it is not identified and repaired intra-
operatively, patients are often referred for delayed repair. 
Robotic-assisted reconstructive surgery of the distal ureter has 
all of the advantages of minimally invasive surgery. Robotic 
approaches to reconstruction of the distal ureter have been 
found to be feasible without compromising the generally 
accepted principles of open surgery, with good functional out-
comes for uretero-neocystotomy by the usage of both the psoas 
hitch and the boari flap.[33] 

Vesico-vaginal fistula

Vesico-vaginal fistulas can be repaired through a vaginal or an 
abdominal approach, depending upon fistula characteristics and 
the surgeon’s preference and skills. An abdominal approach 
may be favored for high supratrigonal fistulas and in cases 
where there is a recurrence after a vaginal repair.[34] The robotic 
approach has been increasingly used over the past decade to 
facilitate an abdominal approach to vesico-vaginal fistula repair, 
with various techniques described. These include transvesical 
and extravesical repairs, with or without interposition of omen-
tal, epiploic, or peritoneal flaps.[35-37] The utilization of fibrin 
sealant instead of tissue interposition has also been reported.[38] 

In a series comparing 12 robotic cases to 20 open abdominal 
cases, Gupta et al found that the robot-assisted approach was 
associated with better peri-operative outcomes than patients 
undergoing open repair without compromising the results.[39] 
Overall, robotic vesico-vaginal fistula repair seems to provide 
satisfactory outcomes with insufficient data to determine the most 
effective surgical steps (i.e., transvesical vs intravesical; inter-
position vs no interposition etc.). Studies comparing vaginal vs. 
robot-assisted abdominal vesico-vaginal repair are also lacking.

Complex bladder reconstruction

The management of patients with end-stage bladders due to 
refractory overactive bladder, interstitial cystitis, radiation 

cystitis, or neurogenic bladder may involve surgical reconstruc-
tions of the lower urinary tract, with complex procedures such 
as augmentation cystoplasty, ileal conduit, and a catheterizable 
channel.[40] All these procedures have been reported to carry a 
relatively high risk of complications within the neurologic pop-
ulation.[41] Over the past decade, several reports have described 
the use of a robotic approach for these surgical procedures with 
intent of minimizing the surgical morbidity of lower urinary 
tract reconstruction in neurogenic patients.[42,43] 

Augmentation cystoplasty

Augmentation cystoplasty has traditionally been performed 
using a detubularized ileal segment.[44] While “clam” augmenta-
tion cystoplasty was favored until the 1990s’, bladder augmen-
tation is now usually combined with supratrigonal cystectomy.
[40,44] Open augmentation cystoplasty is associated with a rela-
tively high rate of peri- and post-surgical complications.[45] The 
robot-assisted approach has been explored as an alternative to 
the open approach in order to minimize the surgical morbid-
ity of augmentation cystoplasty,[46] especially the postoperative 
ileus, which is one of the most common postoperative complica-
tions.[45] While several reports have demonstrated the feasibility 
of robotic augmentation cystoplasty, all these studies are small-
sample retrospective series and most of them were conducted in 
pediatric populations.[47] 

To our knowledge, only three series of robotic augmentation 
cystoplasty in adult patients have been published to date.[46,48,49] 
The findings of these three series are summarized in Table 1. 
Gould and Stoffel[46] reported 5 cases with intracorporeal diver-
sion, Madec reported 19 with extracorporeal diversion for both 
neurogenic bladder and bladder pain syndrome indications, and 
Flum et al.[49] reported 21 patients with intracorporeal diver-
sion including 7 with concomitant catheterizable channel cre-
ation. Overall, all three series reported satisfactory outcomes, 
although operative time of robotic surgery was longer than open 
series, with relatively high rates of postoperative complications.

Catheterizable channel

The Mitrofanoff and Monti catheterizable channel is used in 
patients with urinary retention who are unable to self-cathe-
terize through the urethra, most often due to neurologic condi-
tions with associated motor impairment of the upper limbs.[40] 
Several pediatric series have demonstrated the feasibility of 
robot-assisted appendico-vesicostomy and Monti catheterizable 
channels[50] with two adult series, both of which reported con-
comitant robotic augmentation cystoplasty in most cases.[49,51] 
The channel was harvested and/or created intracorporeally in 
both series and extravesical Lich-Gregoire re-implantation was 
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done. An intravesical, posterior bladder wall appendico-vesical 
anastomosis was described as an alternative in pediatric patients 
when a concomitant augmentation cystoplasty is performed.[52] 
As for robotic augmentation cystoplasty, the available data are 
too scarce to draw robust conclusions on the benefits of robot-
assisted surgery as compared to open catheterizable channel 
creation.

Ileovesicostomy

Ileovesicostomy is a non-continent urinary diversion that 
remains popular in several centers in North America. It is 
used to manage high-pressure neurogenic bladders in patients 
who are unable or unwilling to self-catheterize.[53,54] Two 
small-sample series have reported robotic ileovesicostomy 
with the harvest of a segment of distal ileum, which is then 
anastomosed to the posterior bladder through a robot-assisted 
approach. The distal end of the ileal segment is then matured 
as a stoma on the anterior abdominal wall. The main findings 
of these two series are summarized in Table 1. Comparing 
their open and robotic cases, Vanni and Stoffel[53] found simi-
lar surgical outcomes, although inpatient costs were higher in 
the robotic group. 

Cystectomy and ileal conduit

In some patients with an end-stage bladder, an ileal conduit 
might be considered, especially in those who are unable to self-
catheterize with a high-pressure bladder, have detrusor sphinc-
ter dyssynergia, or have an acontractile detrusor.[40] Cystectomy 
may be associated with this urinary diversion to avoid the rela-
tively high risk of pyocystitis, pain, and cancer when the bladder 
is left as such in situ.[40] Deboudt et al.[43] reported a single center 
comparison of robotic vs. laparoscopic vs. open cystectomy and 
ileal conduit in patients with neurogenic bladder. The authors 
found that the robotic approach was associated with a longer 
operative time but showed decreased rates of hemorrhagic com-
plications and long-term reoperations.[43] 

Stress urinary incontinence 

Artificial urinary sphincter implantation
While AMS-800 artificial urinary sphincter (AUS) implantation 
is unanimously recognized as the gold-standard in surgical treat-
ment for male patients with severe stress urinary incontinence 
due to intrinsic sphincter deficiency (ISD),[55,56] its use in female 
patients remains very limited in most countries, especially in 
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Table 1. Series of robot-assisted reconstructive procedures for neurogenic lower urinary tract dysfunction in adult 
patients
	   	  	 Introcorporeal 	 Mean 		  Mean 		   
		  Mean	 vs.	 operative	 Postoperative	 length	 Mean 
	 Number	 age	 Extracorporeal	 time 	 complications	 of stay	 follow-up	 Functional	 Long-term 
Study	 of patients	 (years)	 diversion	 (minutes)	 (%)	 (days)	 (months)	 outcomes	 complications

Augmentation cystoplasty

Gould and Stoffel[46]	 5 	 43.8	 Intracorporeal	 380	 60%	 7	 3	 20% failure (persistent	 NR 
								        vesico-ureteral reflux)

Madec et al.[48]	 19	 49	 Extracorporeal	 288.7	 47.4%	 9.4	 13.6	 Bladder pain syndrome	 10.5% 
								        (n=6): all improved 
								        Neurogenic bladder  
								        (n=13): 1 failure	

Flum et al.[49]	 21	 30	 Intracorporeal	 365	 38.9%	 6	 38.9	 47.9% decrease in 	 NR 
								        bladder pressure	

Ileovesicostomy

Vanni and Stoffel[53]	 8	 53	 Extracorporeal	 330	 62.5%	 8	 15	 80% with resolved 	 One stomal  
								        urinary incontinence	 complication 
								        0% persistent 	 One persistent 
								        hydronephrosis	  

Dolat et al.[54]	 4	 45	 Intracorporeal	 289.5	 12.5%	 7.5	 25.8	 75% with low stomal 	 One persistent  
								        leak point pressure	 high post-void  
									         residual

Cystectomy+ileal conduit

Deboudt et al.[43]	 40	 58.6	 Extracorporeal	 299	 35%	 10.9	 21.9	 NR	 40%

NR: Not reported; NA: Not applicable



places where pubovaginal slings or bulking agents are favored.
[57,58] Despite good functional outcomes and high rates of patient 
satisfaction, AUS has not been widely used in female patients 
due to the technical difficulty of its implantation via an open 
retropubic approach and the highly inherent morbidity.[57,59] 
The main technical challenge of AUS implantation in female 
patients lies in the dissection of the bladder neck, which needs 
to be clearly separated from the vaginal wall in order to place 
the cuff. Many surgeons choose to do this dissection abdomi-
nally in order to avoid a vaginal incision but the dissection itself 
is particularly difficult, as the space is located deep in the female 
pelvis, with many small blood vessels that may impair visual-
ization and limit the dexterity, which in turn may impair the 
ability of the surgeon to place surgical instruments at a proper 
angle for easy dissection. 

In an effort to minimize technical complexity, laparoscopic AUS 
implantation in female patients was described in the late 2000s 
with promising preliminary results when performed by experi-
enced hands.[60,61] More recently, several series have reported the 
use of a robotic approach for female AUS implantation, which 
allows for the benefits of minimally invasive surgery with lower 
technical complexity as compared to laparoscopic surgery. 
Enhanced dexterity with the endowrist technology allows for 
multiple dimensions mobility of the instruments, a magnified 
3D image, physiologic tremor filtering, and motion scaling of 
the surgical robot, all of which help to minimize the technical 
complexity of performing robotic AUS.[62-65]

In a preliminary series of six cases, Fournier et al.[62] reported 
promising outcomes with no explantations or erosions and 
found 83.3% of patients to be fully continent post-operatively. 
Using the same robotic technique with the assistant’s finger 
placed in the vaginal fornix to expose the vesico-vaginal 
plane, Peyronnet et al.[63] later reported eight robotic cases and 
observed a significant decrease in postoperative complications 
as compared to their open cohort (25% vs. 75%; p=0.02), with 
a reduced length of hospital stay (3.8 vs. 9.3 days; p=0.09). 
The excellent outcomes of this technique were further con-

firmed in a multicenter series of 49 cases with a minimum 12 
months follow-up. In this complex patients’ population with 
85.7% having an history of previous anti-incontinence surgery, 
the authors reported only one explantation (2%) with 81.6% 
of patients fully continent after a median follow-up of 18.5 
months.[66] Using a slightly different technique, without the help 
of the assistant’s finger and with the cuff placed more distally 
toward the mid-urethra, Biardeau et al.[65] reported 9 cases with 
less favorable outcomes, including a 22.2% rate of erosion, 
highlighting the need of standardized surgical steps in addition 
to the robotic approach to decrease female AUS implantation 
surgical morbidity. The main outcomes of these 4 robotic series 
are summarized in Table 2. Despite the high-level evidence, 
studies supporting the use of female AUS are still lacking.[64] 
Easier implantation through a robotic approach and a new gen-
eration of electromechanical implants without a pump required 
in the labia majora may pave the way for increasing popularity 
of female AUS in the near future.

Burch colposuspension

The use of the Burch colposuspension has largely dwindled 
over the past twenty years due to the widespread adoption 
of mid-urethral slings as the first-line surgical treatment for 
female patients with stress incontinence. However, recent FDA 
notifications regarding the use of mesh for vaginal repair of 
pelvic organ prolapse have led to an increasing demand for 
options that avoid synthetic materials for all reconstructive 
procedures. Thus, some surgeons may offer Burch colposus-
pension to selected patients.[67] Robotic Burch colposuspension 
has been described in 2015[68] with another case reported in 
2017[69] and a small-sample randomized trial has been con-
ducted that compared robotic vs. open abdominal hysterectomy 
with concomitant Burch procedure, which demonstrated similar 
outcomes between the two approaches.[70] When compared to a 
mid-urethral sling, one disadvantage of the Burch colopsuspen-
sion is that in case of postoperative voiding dysfunction, it is 
much simpler to cut or loosed a sling compared to removing 
retropubic sutures. Owing to the cost of robotic surgery, authors 
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Table 2. Series of robot-assisted artificial urinary sphincter implantation in women
		  Bladder  	 Vaginal	 Mean 	 Postoperative	 Major 	 Mean 	  
	 Number of	 neck injury 	 injury 	 length of 	 complications	 (Clavien≥3)	 follow-up	 Explantation* 	Revision*  
Study	 patients	 (%)	 (%)	 stay (days)	 (%)	 complications (%)	 (months)	 (%)	 (%)

Fournier et al.[62]	 6	 0%	 0%	 6	 16.7%	 0%	 14.3	 0%	 0%

Biardeau et al.[65]	 9a	 22.2%	 22.2%	 4.9	 33.3%	 22.2%	 18.9	 22.2%	 0%

Peyronnet et al.[63]	 8	 25%	 12.5%	 3.5	 25%	 12.5%	 5	 12.5%	 0%

Peyronnet et al.[64]	 49	 10.2%	 6.1%	 4	 18.3%	 4.1%	 18.5%	 2%	 6.1%
aonly AUS implantations are presented (the two revisions were excluded)



have suggested that robotic Burch colposuspension should be 
used mostly when a concomitant robotic abdominal procedure 
is planned.[68-70]

In conclusion, over the past decade, robot-assisted surgery has 
spread significantly in female pelvic medicine and reconstruc-
tive surgery, with almost all the open surgical procedures being 
performed with the robotic approach. While the outcomes of 
robotic surgery in this area are promising, studies that prop-
erly evaluate the benefits of robotic surgery over open and 
laparoscopic approaches are still lacking. High-level evidence 
studies are needed to help determine the role of robotic surgery 
in female urology. Ongoing development of newer robotic plat-
forms and functional urology devices are likely to impact the 
use of robotic surgery in functional urology in the near future.

Peer-review: This manuscript was prepared by the invitation of the 
Editorial Board and its scientific evaluation was carried out by the 
Editorial Board.

Author Contributions: Concept - R.D.S., B.M.B., B.P.; Design 
- R.D.S., B.M.B., B.P.; Supervision - B.M.B.; Materials - R.D.S., 
B.M.B., B.P.; Data Collection and/or processing - R.D.S., B.P.; 
Analysis and/or Interpretation - R.D.S., B.M.B., B.P.; Literature Search 
- R.D.S.; Writing Manuscript - R.D.S., B.P.; Critical Review - B.M.B.

Conflict of Interest: The authors have no conflicts of interest to declare.

Financial Disclosure: The authors declared that this study has 
received no financial support.

References

1.	 Jones SB, Jones DB. Surgical aspects and future developments 
of laparoscopy. Anesthesiol Clin North America 2001;19:107-24. 
[CrossRef]

2.	 Kim VB, Chapman WH, Albrecht RJ, Bailey BM, Young JA, 
Nifong LW, et al. Early experience with telemanipulative robot-
assisted laparoscopic cholecystectomy using da Vinci. Surg Lapa-
rosc Endosc Percutan Tech 2002;12:33-40. [CrossRef]

3.	 Fuchs KH. Minimally invasive surgery. Endoscopy 2002;34:154-9. 
[CrossRef]

4.	 Lanfranco AR, Castellanos AE, Desai JP, Meyers WC. Robot-
ic surgery: a current perspective. Ann Surg 2004;239:14-21. 
[CrossRef]

5.	 Kwoh YS, Hou J, Jonckheere EA, Hayati S. A robot with improved 
absolute positioning accuracy for CT guided stereotactic brain sur-
gery. IEEE Trans Biomed Eng 1988;35:153-60. [CrossRef]

6.	 Rassweiler JJ, Autorino R, Klein J, Mottrie A, Goezen AS, Stol-
zenburg JU, et al. Future of robotic surgery in urology. BJU Int 
2017;120:822-41. [CrossRef]

7.	 Yates DR, Vaessen C, Roupret M. From Leonardo to da Vin-
ci: the history of robot-assisted surgery in urology. BJU Int 
2011;108:1708-14. [CrossRef]

8.	 Nygaard IE, McCreery R, Brubaker L, Connolly A, Cundiff G, 
Weber AM, et al. Abdominal sacrocolpopexy: a comprehensive 
review. Obstet Gynecol 2004;104:805-23. [CrossRef]

9.	 Sze EH, Meranus J, Kohli N, Miklos JR, Karram MM. Vaginal 
configuration on MRI after abdominal sacrocolpopexy and sacro-
spinous ligament suspension. Int Urogynecol J Pelvic Floor Dys-
funct 2001;12:375-80. [CrossRef]

10.	 Rardin CR. Minimally invasive urogynecology. Obstet Gynecol 
Clin North Am 2011;38:639-49. [CrossRef]

11.	 Nezhat CH, Nezhat F, Nezhat C. Laparoscopic sacral colpopexy 
for vaginal vault prolapse. Obstet Gynecol 1994;84:885-8.

12.	 Elliott DS, Krambeck AE, Chow GK. Long-term results of robotic 
assisted laparoscopic sacrocolpopexy for the treatment of high 
grade vaginal vault prolapse. J Urol 2006;176:655-9. [CrossRef]

13.	 Tyson MD, Wolter CE. A comparison of 30-day surgical outcomes 
for minimally invasive and open sacrocolpopexy. Neurourol Uro-
dyn 2015;34:151-5. [CrossRef]

14.	 Linder BJ, Occhino JA, Habermann EB, Glasgow AE, Bews KA, 
Gershman B. A National Contemporary Analysis of Perioperative 
Outcomes of Open versus Minimally Invasive Sacrocolpopexy. J 
Urol 2018;200:862-7. [CrossRef]

15.	 Serati M, Bogani G, Sorice P, Braga A, Torella M, Salvatore S, 
et al. Robot-assisted sacrocolpopexy for pelvic organ prolapse: a 
systematic review and meta-analysis of comparative studies. Eur 
Urol 2014;66:303-18. [CrossRef]

16.	 Akl MN, Long JB, Giles DL, Cornella JL, Pettit PD, Chen AH, et 
al. Robotic-assisted sacrocolpopexy: technique and learning curve. 
Surg Endosc 2009;23:2390-4. [CrossRef]

17.	 Geller EJ, Lin FC, Matthews CA. Analysis of robotic performance 
times to improve operative efficiency. J Minim Invasive Gynecol 
2013;20:43-8. [CrossRef]

18.	 Paraiso MF, Jelovsek JE, Frick A, Chen CC, Barber MD. Laparo-
scopic compared with robotic sacrocolpopexy for vaginal prolapse: 
a randomized controlled trial. Obstet Gynecol 2011;118:1005-13. 
[CrossRef]

19.	 Lee T, Rosenblum N, Nitti V, Brucker BM. Uterine sparing robotic-
assisted laparoscopic sacrohysteropexy for pelvic organ prolapse: 
safety and feasibility. J Endourol 2013;27:1131-6. [CrossRef]

20.	 Grimminck K, Mourik SL, Tjin-Asjoe F, Martens J, Aktas M. 
Long-term follow-up and quality of life after robot assisted sacro-
hysteropexy. Eur J Obstet Gynecol Reprod Biol 2016;206:27-31. 
[CrossRef]

21.	 Uccella S, Ghezzi F, Bergamini V, Serati M, Cromi A, Franchi M, 
et al. Laparoscopic uterosacral ligaments plication for the treat-
ment of uterine prolapse. Arch Gynecol Obstet 2007;276:225-9. 
[CrossRef]

22.	 Committee opinion no. 628: robotic surgery in gynecology. Obstet 
Gynecol 2015;125:760-7. [CrossRef]

23.	 Wang T, Tang H, Xie Z, Deng S. Robotic-assisted vs. laparoscopic 
and abdominal myomectomy for treatment of uterine fibroids: a 
meta-analysis. Minim Invasive Ther Allied Technol 2018;27:249-
64. [CrossRef]

24.	 Magrina JF, Espada M, Kho RM, Cetta R, Chang YH, Magtibay 
PM. Surgical Excision of Advanced Endometriosis: Periopera-
tive Outcomes and Impacting Factors. J Minim Invasive Gynecol 
2015;22:944-50. [CrossRef]

337Sussman et al. 
The current state and the future of robotic surgery in female pelvic medicine and reconstructive surgery

https://doi.org/10.1016/S0889-8537(05)70214-5
https://doi.org/10.1097/00129689-200202000-00006
https://doi.org/10.1055/s-2002-19857
https://doi.org/10.1097/01.sla.0000103020.19595.7d
https://doi.org/10.1109/10.1354
https://doi.org/10.1111/bju.13851
https://doi.org/10.1111/j.1464-410X.2011.10576.x
https://doi.org/10.1097/01.AOG.0000139514.90897.07
https://doi.org/10.1007/s001920170016
https://doi.org/10.1016/j.ogc.2011.09.001
https://doi.org/10.1016/j.juro.2006.03.040
https://doi.org/10.1002/nau.22522
https://doi.org/10.1016/j.juro.2018.03.131
https://doi.org/10.1016/j.eururo.2014.02.053
https://doi.org/10.1007/s00464-008-0311-4
https://doi.org/10.1016/j.jmig.2012.08.774
https://doi.org/10.1097/AOG.0b013e318231537c
https://doi.org/10.1089/end.2013.0171
https://doi.org/10.1016/j.ejogrb.2016.06.027
https://doi.org/10.1007/s00404-006-0285-1
https://doi.org/10.1097/01.AOG.0000461761.47981.07
https://doi.org/10.1080/13645706.2018.1442349
https://doi.org/10.1016/j.jmig.2015.04.016


25.	 Lue JR, Pyrzak A, Allen J. Improving accuracy of intraoperative 
diagnosis of endometriosis: Role of firefly in minimal access ro-
botic surgery. J Minim Access Surg 2016;12:186-9. [CrossRef]

26.	 Popeney C, Ansell V, Renney K. Pudendal entrapment as an etiol-
ogy of chronic perineal pain: Diagnosis and treatment. Neurourol 
Urodyn 2007;26:820-7. [CrossRef]

27.	 Rey D, Oderda M. The first case of robotic pudendal nerve decom-
pression in pudendal nerve entrapment syndrome. J Laparoendosc 
Adv Surg Tech A 2015;25:319-22. [CrossRef]

28.	 Kwok A, Lam A, Ford R. Laparoscopic presacral neurectomy: a 
review. Obstet Gynecol Surv 2001;56:99-104. [CrossRef]

29.	 Chang CY, Chang WC, Hung YC, Ho M, Yeh LS, Lin WC. Com-
parison of a new modified laparoscopic presacral neurectomy and 
conventional laparoscopic presacral neurectomy in the treatment 
of midline dysmenorrhea. Int J Gynaecol Obstet 2007;99:28-32. 
[CrossRef]

30.	 Kapetanakis V, Jacob K, Klauschie J, Kho R, Magrina J. Robotic 
presacral neurectomy - technique and results. Int J Med Robot 
2012;8:73-6. [CrossRef]

31.	 Petersen SS, Doe S, Rubinfeld I, Davydova Y, Buekers T, Sangha 
R. Rate of Urologic Injury with Robotic Hysterectomy. J Minim 
Invasive Gynecol 2018;25:867-71. [CrossRef]

32.	 Packiam VT, Cohen AJ, Pariser JJ, Nottingham CU, Faris SF, 
Bales GT. The Impact of Minimally Invasive Surgery on Major 
Iatrogenic Ureteral Injury and Subsequent Ureteral Repair During 
Hysterectomy: A National Analysis of Risk Factors and Outcomes. 
Urology 2016;98:183-8. [CrossRef]

33.	 Musch M, Hohenhorst L, Pailliart A, Loewen H, Davoudi Y, Kro-
epfl D. Robot-assisted reconstructive surgery of the distal ureter: 
single institution experience in 16 patients. BJU Int 2013;111:773-
83. [CrossRef]

34.	 Moses RA, Ann Gormley E. State of the Art for Treatment of Vesi-
covaginal Fistula. Curr Urol Rep 2017;18:60. [CrossRef]

35.	 Bora GS, Singh S, Mavuduru RS, Devana SK, Kumar S, Mete 
UK, et al. Robot-assisted vesicovaginal fistula repair: a safe and 
feasible technique. Int Urogynecol J 2017;28:957-62. [CrossRef]

36.	 Agrawal V, Kucherov V, Bendana E, Joseph J, Rashid H, Wu G. 
Robot-assisted Laparoscopic Repair of Vesicovaginal Fistula: A 
Single-center Experience. Urology 2015;86:276-81. [CrossRef]

37.	 Gellhaus PT, Bhandari A, Monn MF, Gardner TA, Kanagarajah 
P, Reilly CE, et al. Robotic management of genitourinary injuries 
from obstetric and gynaecological operations: a multi-institutional 
report of outcomes. BJU Int 2015;115:430-6. [CrossRef]

38.	 Machen GL, Chiles LR, Joyce J, Wagner KR. Robotic repair of ves-
icovaginal fistulas using fibrin sealant. Can J Urol 2017;24:8740-3.

39.	 Gupta NP, Mishra S, Hemal AK, Mishra A, Seth A, Dogra PN. 
Comparative analysis of outcome between open and robotic surgi-
cal repair of recurrent supra-trigonal vesico-vaginal fistula. J En-
dourol 2010;24:1779-82. [CrossRef]

40.	 Groen J, Pannek J, Castro Diaz D, Del Popolo G, Gross T, Ha-
mid R, et al. Summary of European Association of Urology 
(EAU) Guidelines on Neuro-Urology. Eur Urol 2016;69:324-
33. [CrossRef]

41.	 Gor RA, Elliott SP. Surgical Management of Neurogenic Lower 
Urinary Tract Dysfunction. Urol Clin North Am 2017;44:475-90. 
[CrossRef]

42.	 Nimeh T, Elliott S. Minimally Invasive Techniques for Bladder 
Reconstruction. Curr Urol Rep 2018;19:39. [CrossRef]

43.	 Deboudt C, Perrouin-Verbe MA, Le Normand L, Perrouin-Verbe 
B, Buge F, Rigaud J. Comparison of the morbidity and mortal-
ity of cystectomy and ileal conduit urinary diversion for neuro-
genic lower urinary tract dysfunction according to the approach: 
Laparotomy, laparoscopy or robotic. Int J Urol 2016;23:848-53. 
[CrossRef]

44.	 Roth JD, Cain MP. Neuropathic Bladder and Augmentation Cysto-
plasty. Urol Clin North Am 2018;45:571-85. [CrossRef]

45.	 Game X, Karsenty G, Chartier-Kastler E, Ruffion A. Treatment 
of neurogenic detrusor hyperactivity: enterocystoplasty. Prog Urol 
2007;17:584-96. [CrossRef]

46.	 Gould JJ, Stoffel JT. Robotic enterocystoplasty: technique and 
early outcomes. J Endourol 2011;25:91-5. [CrossRef]

47.	 Pal RP, Koupparis AJ. Expanding the indications of robotic sur-
gery in urology: A systematic review of the literature. Arab J Urol 
2018;16:270-84. [CrossRef]

48.	 Madec FX, Hedhli O, Perrouin-Verbe MA, Levesque A, Le Nor-
mand L, Rigaud J. Feasibility, Morbidity, and Functional Results 
of Supratrigonal Cystectomy with Augmentation Ileocystoplasty 
by Combined Robot-Assisted Laparoscopy and Mini-Laparotomy 
Approach. J Endourol 2017;31:655-60. [CrossRef]

49.	 Flum AS, Zhao LC, Kielb SJ, Wilson EB, Shu T, Hairston JC. 
Completely intracorporeal robotic-assisted laparoscopic augmen-
tation enterocystoplasty with continent catheterizable channel. 
Urology 2014;84:1314-8. [CrossRef]

50.	 Andolfi C, Kumar R, Boysen WR, Gundeti MS. Current Status of 
Robotic Surgery in Pediatric Urology. J Laparoendosc Adv Surg 
Tech A 2019;29:159-66. [CrossRef]

51.	 Rey D, Helou E, Oderda M, Robbiani J, Lopez L, Piechaud PT. 
Laparoscopic and robot-assisted continent urinary diversions 
(Mitrofanoff and Yang-Monti conduits) in a consecutive se-
ries of 15 adult patients: the Saint Augustin technique. BJU Int 
2013;112:953-8. [CrossRef]

52.	 Famakinwa OJ, Rosen AM, Gundeti MS. Robot-assisted lapa-
roscopic Mitrofanoff appendicovesicostomy technique and out-
comes of extravesical and intravesical approaches. Eur Urol 
2013;64:831-6. [CrossRef]

53.	 Vanni AJ, Stoffel JT. Ileovesicostomy for the neurogenic bladder 
patient: outcome and cost comparison of open and robotic assisted 
techniques. Urology 2011;77:1375-80. [CrossRef]

54.	 Dolat MT, Moore BW, Grob BM, Klausner AP, Hampton LJ. Com-
pletely intracorporeal robotic-assisted laparoscopic ileovesicosto-
my: initial results. J Robot Surg 2014;8:137-40. [CrossRef]

55.	 Lucas MG, Bosch RJ, Burkhard FC, Cruz F, Madden TB, Nambiar 
AK, et al. EAU guidelines on surgical treatment of urinary incon-
tinence. Actas Urol Esp 2013;37:459-72. [CrossRef]

56.	 Herschorn S, Bruschini H, Comiter C, Grise P, Hanus T, Kirschner-
Hermanns R, et al. Surgical treatment of stress incontinence in 
men. Neurourol Urodyn 2010;29:179-90. [CrossRef]

57.	 Matsushita K, Chughtai BI, Maschino AC, Lee RK, Sandhu JS. 
International variation in artificial urinary sphincter use. Urology 
2012;80:667-72. [CrossRef]

58.	 Nadeau G, Herschorn S. Management of recurrent stress inconti-
nence following a sling. Curr Urol Rep 2014;15:427. [CrossRef]

338
Turk J Urol 2019; 45(5): 331-9
DOI:10.5152/tud.2019.19068

https://doi.org/10.4103/0972-9941.158969
https://doi.org/10.1002/nau.20421
https://doi.org/10.1089/lap.2014.0013
https://doi.org/10.1097/00006254-200102000-00023
https://doi.org/10.1016/j.ijgo.2007.03.016
https://doi.org/10.1002/rcs.438
https://doi.org/10.1016/j.jmig.2018.01.004
https://doi.org/10.1016/j.urology.2016.06.041
https://doi.org/10.1111/j.1464-410X.2012.11673.x
https://doi.org/10.1007/s11934-017-0708-5
https://doi.org/10.1007/s00192-016-3194-2
https://doi.org/10.1016/j.urology.2015.02.074
https://doi.org/10.1111/bju.12785
https://doi.org/10.1089/end.2010.0049
https://doi.org/10.1016/j.eururo.2015.07.071
https://doi.org/10.1016/j.ucl.2017.04.013
https://doi.org/10.1007/s11934-018-0787-y
https://doi.org/10.1111/iju.13166
https://doi.org/10.1016/j.ucl.2018.06.005
https://doi.org/10.1016/S1166-7087(07)92373-8
https://doi.org/10.1089/end.2010.0230
https://doi.org/10.1016/j.aju.2018.05.005
https://doi.org/10.1089/end.2017.0107
https://doi.org/10.1016/j.urology.2014.09.009
https://doi.org/10.1089/lap.2018.0745
https://doi.org/10.1111/bju.12257
https://doi.org/10.1016/j.eururo.2013.05.007
https://doi.org/10.1016/j.urology.2010.09.021
https://doi.org/10.1007/s11701-013-0443-y
https://doi.org/10.1016/j.acuro.2013.02.002
https://doi.org/10.1002/nau.20844
https://doi.org/10.1016/j.urology.2012.04.065
https://doi.org/10.1007/s11934-014-0427-0


59.	 Chartier-Kastler E, Van Kerrebroeck P, Olianas R, Cosson 
M, Mandron E, Delorme E, et al. Artificial urinary sphincter 
(AMS 800) implantation for women with intrinsic sphincter 
deficiency: a technique for insiders? BJU Int 2011;107:1618-
26. [CrossRef]

60.	 Mandron E, Bryckaert PE, Papatsoris AG. Laparoscopic artificial 
urinary sphincter implantation for female genuine stress urinary 
incontinence: technique and 4-year experience in 25 patients. BJU 
Int 2010;106:1194-8. [CrossRef]

61.	 Roupret M, Misrai V, Vaessen C, Cardot V, Cour F, Richard F, et 
al. Laparoscopic approach for artificial urinary sphincter implanta-
tion in women with intrinsic sphincter deficiency incontinence: a 
single-centre preliminary experience. Eur Urol 2010;57:499-504. 
[CrossRef]

62.	 Fournier G, Callerot P, Thoulouzan M, Valeri A, Perrouin-Verbe 
MA. Robotic-assisted laparoscopic implantation of artificial uri-
nary sphincter in women with intrinsic sphincter deficiency incon-
tinence: initial results. Urology 2014;84:1094-8. [CrossRef]

63.	 Peyronnet B, Vincendeau S, Tondut L, Bensalah K, Damphousse 
M, Manunta A. Artificial urinary sphincter implantation in women 
with stress urinary incontinence: preliminary comparison of robot-
assisted and open approaches. Int Urogynecol J 2016;27:475-81. 
[CrossRef]

64.	 Peyronnet B, O'Connor E, Khavari R, Capon G, Manunta A, Allue 
M, et al. AMS-800 Artificial urinary sphincter in female patients 
with stress urinary incontinence: A systematic review. Neurourol 
Urodyn 2019;38(Suppl 4):S28-S41. [CrossRef]

65.	 Biardeau X, Rizk J, Marcelli F, Flamand V. Robot-assisted laparo-
scopic approach for artificial urinary sphincter implantation in 11 
women with urinary stress incontinence: surgical technique and 
initial experience. Eur Urol 2015;67:937-42. [CrossRef]

66.	 Peyronnet B, Capon G, Belas O, Manunta A, Allenet C, Hascoet J, 
et al. Robot-assisted AMS-800 Artificial Urinary Sphincter Blad-
der Neck Implantation in Female Patients with Stress Urinary In-
continence. Eur Urol 2019;75:169-75. [CrossRef]

67.	 Sohlberg EM, Elliott CS. Burch Colposuspension. Urol Clin North 
Am 2019;46:53-9. [CrossRef]

68.	 Francis SL, Agrawal A, Azadi A, Ostergard DR, Deveneau NE. 
Robotic Burch colposuspension: a surgical case and instructional 
video. Int Urogynecol J 2015;26:147-8. [CrossRef]

69.	 Bora GS, Gupta VG, Mavuduru RS, Devana SK, Singh SK, Man-
dal AK. Robotic Burch colposuspension-modified technique. J Ro-
bot Surg 2017;11:381-2. [CrossRef]

70.	 Ulubay M, Dede M, Ozturk M, Keskin U, Fidan U, Alanbay I, et 
al. Comparison of Robotic-Assisted and Abdominal Hysterectomy 
with Concomitant Burch Colposuspension: Preluminary Study. J 
Minim Invasive Gynecol 2015;22:S242-3. [CrossRef]

339Sussman et al. 
The current state and the future of robotic surgery in female pelvic medicine and reconstructive surgery

https://doi.org/10.1111/j.1464-410X.2010.09610.x
https://doi.org/10.1111/j.1464-410X.2010.09206.x
https://doi.org/10.1016/j.eururo.2009.03.045
https://doi.org/10.1016/j.urology.2014.07.013
https://doi.org/10.1007/s00192-015-2858-7
https://doi.org/10.1002/nau.23833
https://doi.org/10.1016/j.eururo.2014.12.041
https://doi.org/10.1016/j.eururo.2018.07.036
https://doi.org/10.1016/j.ucl.2018.08.002
https://doi.org/10.1007/s00192-014-2471-1
https://doi.org/10.1007/s11701-017-0687-z
https://doi.org/10.1016/j.jmig.2015.08.848

